Bioethanol as a fossil fuel additive to decrease environmental pollution and reduce the stress of the decline in crude oil availability is becoming increasingly popular. This study aimed to evaluate the concentration of bioethanol obtainable from fermenting cashew apple juice by the microorganism Saccharomyces cerevisiae Y2084 and Vin13. The fermentation conditions were as follows: initial sugar = 100 g/L, pH = 4.50, agitation = 150 rpm, temperatures = 30 ∘ C (Y2084) and 20 ∘ C (Vin13), oxygen saturation = 0% or 50%, and yeast inoculum concentration = ∼8.00 Log CFU/mL. The maximum ethanol concentration achieved by Y2084 was 65.00 g/L. At 50% oxygen the fermentation time was 5 days, whilst at 0% oxygen the fermentation time was 11 days for Y2084. The maximum ethanol concentration achieved by Vin13 was 68.00 g/L. This concentration was obtained at 50% oxygen, and the fermentation time was 2 days. At 0% oxygen, Vin13 produced 31.00 g/L of ethanol within 2 days. Both yeast strains produced a higher glycerol concentration at 0% oxygen. Yeast viability counts showed a decrease at 0% oxygen and an increase at 50% oxygen of both yeast stains. Other analyses included measurement of carbon dioxide and oxygen gases, process monitoring of the fermentation conditions, and total organic carbon. Gas analysis showed that carbon dioxide increased in conjunction with ethanol production and oxygen decreased. Process monitoring depicted changes and stability of fermentation parameters during the process. Total organic carbon analysis revealed that aerobic fermentation (50% oxygen) was a more efficient process as a higher carbon recovery (95%) was achieved.
Introduction
The twenty-first century is plagued by difficulties like the decrease in resources of fossil fuel, rapid rise in greenhouse gas emissions contributing to global warming, and the lack of capability to meet the increasing energy demands. In trying to reduce the impact of these global concerns, bioethanol produced from renewable resources like biomass components has created significant interest. Bioethanol is a biofuel produced from biomass via biochemical procedures [1] . In general, bioethanol production is a three-stage process of: (i) hydrolysis, (ii) fermentation and (iii) distillation [2] . During hydrolysis, starch is converted from biomass feedstocks (cereal grains, lignocellulose, and macroalgae) into fermentable monosaccharide sugars [1] [2] [3] . Fermentation is a process which involves a sugar-rich substrate and a microorganism (MO) to bring about a chemical change in a closed aerobic or anaerobic atmosphere. For fermentation, S. cerevisiae yeasts are the recommended microorganisms (MOs), for their ability to multiply anaerobically and easily convert sugars [4] . The last phase of bioethanol production is distillation. Distillation is a thermochemical separating process that concentrates ethanol to 95%, depending on the difference in boiling points between substrates during heat application [1, 2] . This biologically derived product is an ethyl alcohol that can be used as a petroleum alternative or additive 2 ISRN Renewable Energy [5] . The bioethanol properties that allow this type of product to be utilized in the motor fuel industry and its respective advantages are summarized in Table 1 .
Biomass feedstocks, namely wheat, barley, sorghum, rice, corn, and sugar cane, are widely accessible for bioethanol production and the processing of these raw materials were proven successful [5, [9] [10] [11] . However, the present usage of these materials threatens their availability as important food and feed products [12] . Alternatively, agricultural residues or industrial waste products such as barley straw, barley husks, corn stover, sugar cane bagasse, and switchgrass are used for bioethanol production [13] [14] [15] . These residues are largely lignocellulosics and require extensive, time-consuming pretreatment methods [16] . Another attractive agroindustrial waste product, with unrecognized potential as a bioethanol substrate, is cashew apples [12] . Cashew apples grow from the cashew tree (Anacardium occidentale L.), which is a native exotic plant in Brazil [17, 18] . The largest cashew regions are Brazil, India, Mozambique, Nigeria, Tanzania, Guinea-Bissau, Indonesia, and Vietnam [17] [18] [19] . Cashew apples are a false fruits and are physically described as small, hard, pearshaped green fruit, and when ripened turn red, yellow, or orange [20] [21] [22] . Globally, approximately 10 t/ha to 30 t/ha of cashew apples are available [19] . In Brazil, yearly harvests produce an estimated 2 million tons of cashew apples, with 90-94% of the apples discarded, as the primary industrial product is the cashew nuts [18, 19] . The 10% of cashew apples used for the commercial production of wine, fruit juice, jam and ice cream is consumed locally, and exports of these products are stagnant [18, [23] [24] [25] . Research applications of cashew apples to date include: (i) dextransucrase production as a preservative in the food industry, (ii) antioxidising capability by characterizing alkyl phenol, (iii) comparison of nutritional quality with market consumable fruits, and (iv) production of biosurfactant for the use in oil-water systems [21, [25] [26] [27] [28] [29] . Cashew apples exploited for bioethanol production are advantageous as they are rich in sugars (50-200 g/L of glucose and fructose), vitamin C, mineral salts, and amino acids which are essential for yeast assimilation and yeast growth. Moreover, the apples are readily available in large quantities when neglected in their cultivation areas after harvesting of the cashew nut [17-19, 21, 25] . In general, the first step of bioethanol production from cashew apples is extraction of cashew apple juice (CAJ). CAJ is then treated with tannase or gelatin powder to eliminate tannins and filtered to eliminate suspended solids [25, 30] . Pretreated CAJ, which is the fermentation medium, will be with supplemented with ammonium sulphate and sterilized and fermented at 30 ∘ C using S. cerevisiae yeast [22, 31] . Thus far, research studies have shown that ethanol concentrations ranging from 19.82 g/L to 44.40 g/L are achievable using CAJ [22, 31] .
The purpose of this research study was to investigate the use of CAJ as a fermentation substrate aiming at bioethanol production using a brewers yeast (S. cerevisiae NRRL Y2084) and wine yeast (S. cerevisiae Vin13). Batch experiments were conducted in a BIOSTAT Bplus reactor, used as a fermentation vessel under defined parameters of temperature, pH, and oxygen. The fermentation product was monitored daily by analyzing yeast viability, sugar consumption, ethanol production and glycerol production. In addition, the total organic product of the CAJ and final fermentation product were analyzed. The fermentation parameters were monitored using the MFCS/DA software programmer to generate process data, and carbon dioxide and oxygen gas were analyzed.
Materials and Methods

Raw Materials
2.1.1. Cashew Apples. The cashew apples used in this study were obtained from the Coastal Cashews plantation during the February 2011 harvest season. The plantation is located along the Coastal Forest Reserve in the rural Manguzi region in Northern KwaZulu Natal, South Africa. A mixed variety of cashew apples that did not show cashew nut attachment were selected from the cashew orchards by the farm manager (Mr. W. Mthembu) at Coastal Cashews.
Microorganisms.
Two strains of Saccharomyces (S.) cerevisiae yeasts were the microorganisms used for fermentation. The first strain, namely, S. cerevisiae NRRL Y2084, is a brewers yeast, whilst the second strain, namely, S. cerevisiae Vin13, is a wine yeast. S. cerevisiae NRRL Y2084 was previously isolated and characterized from dry brewer's yeast, purchased from National Food Products (Johannesburg, South Africa) and maintained at −70 ∘ C in 50% glycerol [32] . S. cerevisiae Vin13 is a product of the Wine and Biotechnology Institute (Stellenbosch, South Africa) and was kindly donated by Anchor Wine Yeast (Cape Town, South Africa). In this study, the yeasts were simply referred to as Y2084 and Vin13.
Cashew Apple Juice Extraction and Preparation
2.2.1. Extraction. Cashew apple juice (CAJ) extraction was done at the cashew nut factory on the Coastal Cashew plantation. The whole cashew apples were washed and cut in half. The apple pieces were then compressed in a fruit processor, with a separate pulp collector. Whilst extracting, the CAJ was kept cold on ice and then frozen. During transportation to the University of the Witwatersrand, Johannesburg, the CAJ was maintained frozen in thermal bags and kept on ice. Upon arrival, the CAJ was stored at −20 ∘ C for subsequent use.
Preparation.
CAJ was prepared, prior to each fermentation by pretreatment, centrifugation and sterilization. Pretreatment involved the addition of 1% (w/v) gelatin powder to the raw CAJ and maintained at 4 ∘ C for 24 hrs [19] . This was followed by centrifugation at 3500 rpm for 20 min, addition of 2.5 g/L of ammonium sulphate, and sterilization at 121 ∘ C for 15 min [21, 31] . The CAJ was sterilized in conjunction with the fermentation vessel.
Yeast Inoculum Preparation.
Inoculum of the yeast species was prepared in sterilized yeast peptone dextrose (YPD) liquid broth. The composition of YPD in g/L was 10 g yeast extract powder, 20 g peptone powder and 20 g D-glucose. The culture conditions were as follows: (i) volume = 200 mL, Walker [8] (ii) temperature = 30 ∘ C, (iii) agitation = 150 rpm, and (iv) duration = 18 hrs. The yeast strain Y2084 was activated by extracting the glycerol and resuspending the pellet in 1 mL of YPD broth, and this suspension was added to 50 mL of YPD liquid broth [32] . The cell count was increased by subculturing at 10% every 18 hrs from 50 mL to 200 mL [32] . For the yeast strain Vin13, dry yeast pellets (Anchor Wine Yeast) were added to 200 mL of YPD liquid broth. After cultivation, the cell viability was determined (described in Section 2.5.1) and 10% of the initial fermentation volume was used as a starter culture.
Fermentation of Cashew Apple Juice. A BIOSTAT Bplus
2L MO-O 2 fermentor (Sartorius Stedim Systems GmBH, Germany) was used for the fermentation of cashew apple juice to produce bioethanol. The operating conditions of the batch fermentations are summarized in Table 2 . Fermentations were performed in duplicate.
Analytical Methods.
During fermentation, sample was extracted periodically every 24 hrs and analyzed for yeast viability, sugar consumption, and ethanol and glycerol production. Gas output signals were recorded and MFCS/DA plots were constructed. In addition, CAJ and the final fermented product were evaluated for total organic carbon. Analysis was performed in triplicate for the batch fermentations. Statistical analysis was performed for the replicates.
Yeast Viability.
Yeast cell viability of the starter culture and during fermentation was determined by standard plate counts [33] . From the initial sample, 1 mL was aliquot into 9 mL of buffered peptone water (20 g/L) and tenfold serial dilution was performed. One hundred microliters of the diluted suspension was spread plate onto malt extract agar (50 g/L). The agar plates were incubated at 30 ∘ C for 24-48 hrs and examined for the growth of colonies. Plates showing between 30-300 colonies were selected and counted. Viability was expressed by calculating the colony forming units per mL [33] .
High Performance Liquid Chromatography.
High performance liquid chromatography (HPLC-Agilent Technologies) was used to analyze sugar, ethanol and glycerol concentrations. The HPLC system was the LC 1100 series equipped with a solvent delivery system (quaternary pumps), autosampler, refractive index and wavelength detectors, thermostated column compartment, and ChemStation software programme. For the analysis, a refractive index detector (RID) and the Aminex fermentation monitor column (Biorad) were used. HPLC conditions were as follows: (i) mobile phase = 0.001 M sulphuric acid, (ii) flow rate = 0.8 mL/min, (iii) column temperature = 60 ∘ C, (iv) RID temperature = 40 ∘ C, (v) injection volume = 20 L, and (vi) pressure = 60 bar. The ChemStation Software programme was used to monitor the data and concentrations were determined by constructing a calibration curve (ChemStation off-line data analysis) using the following standards:
Triplicate readings were recorded for batch fermentations. Prior to HPLC analysis, the fermented samples were centrifuged at 5,000 rpm for 60 secs using a microcentrifuge (Eppendorf Minispin Plus, Merck). The supernatants were filtered using a 0.45 m syringe filter tip (Minisart cellulose acetate, Sigma), and a volume of 1 mL was aliquot into HPLC vials.
Gas Analysis.
Carbon dioxide and oxygen signals were measured by the use of BCP-sensors (BluSens GmBH, Germany). The output signals displayed on the BIOSTAT system was recorded and volume were determined as per manufacturers instructions. Figure 1 ) from the cashew trees at the Coastal Cashew plantation. Figure 1 (a) shows a single cashew apple (CA). Figure 1(b) shows a mixed variety of CAs such as red apples, green apples, partial red/yellow to orange apples and even damaged apples (reddish-brown in colour), due to natural falling from the trees. In total, thirty-three kilograms (33 kg) of CAs were obtained.
Results and Discussion
Cashew Apple Juice Preparation.
From the 33 kg of CAs obtained, 8.75 L of cashew apple juice (CAJ) was extracted. Prior to fermentation CAJ was thawed, centrifuged and pretreated with gelatin powder to remove tannins. The preparation of CAJ was necessary as the clear juice with a lower tannin concentration and minimal to zero suspended solids will allow the yeast to easily assimilate the sugars for growth and the production of ethanol. Furthermore the reduction in tannins, which complexes with gelatin [25, 35] , will reduce the negative effects on enzyme activity during fermentation as condensed tannins usually form insoluble compounds with proteins [36] . HPLC revealed that glucose (40.56 g/L) fructose (57.06 g/L), and maltose (2.80 g/L) are the sugars of CAJ. Both yeast strains exhibit the same patterns of sugar consumption, where glucose was first utilized followed by fructose, irrespective of oxygen saturation (Figure 2(a) ). This was expected as Saccharomyces yeast easily assimilates monosaccharides such as glucose and fructose and disaccharides such as maltose [37, 38] . Moreover, these results correspond to the normal pattern of CAJ fermentation [22, 31, 35, 39] . The difference in sugar consumption was that Vin13 showed an affinity for maltose, whereas Y2084 did not (Figure 2(a) ) and the residual sugar concentration of run 3, and run 4 is lower (Figure 2(a) ) due to the consumption of maltose by the yeast strain Vin13, and a higher fructose concentration was used. High sugar concentrations can cause osmotic stress to yeast cells [40, 41] which is not the case in this study as the yeast strains were able to withstand the sugar concentration of the CAJ. The maximum ethanol concentration produced by Y2084 was 65.17 g/L ( -value = 21.86; < 0.0001) for run 1 and 65.12 g/L ( -value = 13.59; < 0.0001) for run 2 (Figure 2(b) ). The results are significantly similar. The addition of oxygen did not influence the ethanol concentration, but the fermentation time was affected as the duration of run 1 was 11 days and run 2 was 5 days (Figure 2(b) ). Since nitrogen gas was not passed through the system to displace air in the vessel, the fermentation environment of run 1 can be considered as semianaerobic. This is advantageous as the yeast cells were able to survive for a longer time period by acquiring the available air. Additionally, nutritional components from the CAJ, other than sugar and the external supplement of ammonium sulphate, provided support for the growth and functioning of the yeast. For run 3 and run 4 the maximum ethanol concentrations were 31.40 g/L ( -value = 2.92; = 0.0412) and 67.74 g/L ( -value = 10.47; < 0.0001), respectively, (Figure 2(b) ). The results were significantly different. The addition of oxygen influenced the ethanol concentration, but the fermentation time was unchanged which was 2 days (Figure 2(b) ). The yeast strain Y2084 is a slow fermenting yeast compared to Vin13 and requires a longer adaptation period when inoculated into the CAJ substrate. The strain Y2084 has an advantage over Vin13, as in the absence of oxygen Y2084 growth was persistent, and it is likely the strain is able to acquire air, even when the cell numbers are low to sustain growth. The strain Y2084 was isolated from brewers yeast, and these yeasts can easily adapt and grow within stressful conditions [40] . Whereas Vin13 was unable to multiply in the absence of oxygen and based on the results, oxygen is a major contributing factor for Vin13 to achieve a high ethanol concentration (Figure 2(c) ). The addition of oxygen during the fermentation provided an aerobic environment for the yeasts and oxygen is known to stimulate the production of unsaturated fatty acids and lipids, which contribute to the maintenance of the cell membrane structure and metabolism during fermentation 
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ISRN Renewable Energy [42] [43] [44] [45] [46] [47] . Low cell viability in the absence of oxygen is normal as the available lipids are easily exhausted [46] . Viable cell counts show that Y2084 enters a lag phase when introduced into the CAJ (Figure 2(c) ). This phase is shorter when the medium is saturated with oxygen like in run 2 (Figure 2(c) ). Under semianaerobic, Y2084 progresses from the lag phase to a short exponential phase followed by the stationary phase and eventually enters the death phase (Figure 2(c) ). The exponential phase is short lived, and most of the fermentation occurs when the cells are in the stationary phase (Figure 2(c) ). Lack of nutrients and possibly oxygen forces the cells into the death phase. Under aerobic conditions, lag phase is short and the Y2084 cells mainly function in exponential phase and enter into the stationary phase (Figure 2(c) ). When the ethanol steady state is reached, the cells are in stationary phase (Figures 2(b) and 2(c)). Viable cell counts of Vin13 showed no distinct changes in the growth phases during the course of fermentation (Figure 2 (c)) unlike Y2084. Under semianaerobic conditions, the cell viability decreases and the cells remain in the stationary phase (Figure 2(c) ). In an aerobic environment, the cells are maintained in the exponential phase (Figure 2(c) ). For both yeast strains, the by-product glycerol [48, 49] was produced and the concentrations were significantly lower under aerobic conditions (run 2: < 0.0001; run 4: < 0.0001) compared to the semianaerobic conditions (run 1: < 0.0001; run 3: = 0.0412). High glycerol concentration is common for anaerobic fermentations [48] . In the semianaerobic environment of run 1 and run 3 the yeast cells released glycerol as a stress response and the glycerol is produced when there is change in enzyme activity from alcohol dehydrogenase to glycerol-3-phosphate dehydrogenase and in order to reoxidize NAD + when oxygen is not available [31, 48] . Vin13 experienced stress at day 1 and Y2084 at day 6 (Figure 2(d) ). The glycerol production is in accordance with sugar depletion and increased ethanol concentrations (Figures 2(a) , 2(b), and 2(d)). It is known that high ethanol concentrations greater than 4% (v/v) are toxic to yeast and can cause osmotic stress [35, 38, 40, 50] . In the current study, toxic-ethanol shock is a possibility under semianaerobic conditions for strain Y2084, as in a related study, it was suggested the accumulation of ethanol was responsible for the decrease in yeast efficiency as the fermentation approached day 15 [35] . For the strain Vin13, stress is most likely due to the lack of oxygen. The low glycerol concentrations of run 2 and run 4 (Figure 2(d) ) are due to sugar deprivation and the provided oxygen assists with survival of the cells and the ability to adapt to the stress. The accumulation of glycerol towards the endpoint of fermentation in the current study did not correspond with a previous study [49] . Oxygen saturation has a major effect on both yeast strains as previously mentioned. Other than oxygen, the temperature could also play a role in the fermentation. At a temperature of 30 ∘ C and oxygen saturation of 0%, the fermentation duration was 11 days, whilst at 50% saturation, the duration was 5 days. Since oxygen dependence is not an issue for Y2084, based on the significantly similar ethanol concentrations, a temperature change could possibly affect the fermentation time. The ability of Y2084 to ferment at 30 ∘ C is not unusual as S. cerevisiae yeasts can withstand temperatures up to 35 ∘ C [51] . At a temperature of 20 ∘ C for run 3 and run 4, the duration of fermentation was shorter. On the basis of the ethanol results, temperature may or may not influence the concentration as a high ethanol concentration is possible, provided the substrate is saturated with oxygen. Thus, Y2084 can be manipulated at different temperatures to evaluate the effect of fermentation time. For Vin13, different temperatures can be tested to the effect on time and ethanol concentrations, specifically under semianaerobic conditions. From the present data, optimal conditions for Y2084 are at temperature 30 ∘ C and 0% or 50% oxygen, as the ethanol concentration is high. Optimal conditions for Vin13 are temperature 20 ∘ C and 50% oxygen saturation, as a higher ethanol concentration was obtained. With oxygen saturation, the cells surpassed the initial cell count at the point of inoculation. For run 2 and run 4, cells entered the exponential phase which resulted in faster ethanol production which coincides with the statement by Bellissimi and Ingledew. [52] , "that ethanol is produced 30-33 times faster when yeasts are in log phase" [52] . For run 1, the nitrogen from the ammonium supplement and proteins of the CAJ proved useful as Malherbe et al. [45] suggest that nitrogen is necessary to produce proteins that transport sugars for the substrate into the yeast cells [45] . The maximum ethanol produced in the current study for runs 1, 2, and 4 is higher than the value obtained by Pinheiro et al. [31] for bioethanol form CAJ. Fermentation conditions [31] were identical to this study, with the exception of oxygen saturation and the yeast strain. Pinheiro et al. [31] also reported that a higher glycerol concentration and suggested that the production is in response to external osmotic stress furthermore no pretreatment of the CAJ was carried out [31] . From the results of the present study pretreatment to reduce tannins was useful and another contributing factor in obtaining a high ethanol concentration. The reduction of tannins was necessary because these are known to hinder fermentation [53] . Other studies using CAJ as a fermentation substrate for bioethanol production involved the use of immobilized yeast cells [29, 39] . The result reported by Neelakandan and Usharani [39] was higher than the current reported ethanol concentration. The result reported by Rabelo et al. [29] was lower than the ethanol concentration of runs 1,2 and 4 and similar to the value reported for run 3. Attri. [35] showed that a higher ethanol concentration than the current study is possible from CAJ using the yeast S. cerevisiae var. ellipsoideus, for cashew wine production, and the fermentation time was 15 days [35] which was similar to the time of run 1. From the collective research data, it is confirmed that fermentation conditions and starting sugar concentration are crucial to the outcome of the ethanol concentration with different yeast strains behaving differently under certain conditions, and each S. cerevisiae strain is unique.
Gas Analysis.
Carbon dioxide (CO 2 ) and residual oxygen (O 2 ) gas output signals were recorded continuously by the BCP sensors during the course of fermentation. The relationship between the gases and ethanol production is depicted in Figures 3(a)-3(d) .
From Figures 3(a)-3(d) , it is evident that ethanol concentration and CO 2 volume are in sync and the values converge towards the endpoint of fermentation. For run 1, there is a slow increase, followed by a rapid increase in both CO 2 and ethanol (Figure 3(a) ). This coincides to the yeast lag phase and the gradual increase in yeast viability and ethanol production as fermentation progresses. At day 6, there is a spike in CO 2 (Figure 3(a) ), caused by the decline in fructose with an increase in ethanol concentration. The O 2 volume is unchanged (Figure 3(a) ) as run 1 was carried out at 0% oxygen. Run 2, similar to run 1, showed a link between ethanol concentration and CO 2 volume (Figure 3(b) ). Between day 1 and day 2, the CO 2 volume increases as ethanol increases (Figure 3(b) ), and yeast cell metabolism is active. From day 3 to day 4, there is a gradual increase in CO 2 , and at day 4, steady state is reached (Figure 3(b) ). During run 2, a decrease in the O 2 volume is recorded at day 1 and day 2 as the yeast cells enter the exponential phase resulting in an increase in oxygen consumption from the CAJ substrate and a decrease in the volume of total oxygen added (Figure 3(b) ). The decline in O 2 coincides with yeast growth, CO 2 production, and ethanol production ( Figure 3(b) ). For run 3, the abrupt arrest of the fermentation resulted in a low volume of CO 2 (Figure 3(c) ). The O 2 volume is unchanged (Figure 3(c) ), like run 1. For run 4, the maximum CO 2 volume was recorded at day 1 (Figure 3(d) ). This coincides with the rapid increase in ethanol concentration, oxygen consumption and yeast activity. The O 2 volume is similar to run 2; hence the uptake of oxygen by both strains is similar.
Based on the gas analysis there is an agreement between the data, where the CO 2 and ethanol increases are in proportion. This is expected because CO 2 , like ethanol, is released by yeast cells during alcoholic fermentation [8, 54] . The CAJ is a sufficient substrate for the yeast strains Y2084 and Vin13 as the fermentation follows a normal course where sugar consumption, ethanol production, CO 2 production, oxygen consumption and yeast metabolism are in accordance with that.
MFCS/DA Analysis.
The software programmer BioPAT MFCS/DA 3.0 was used for the MFCS/DA analysis. This programmer allowed the storage and visualization of the operating conditions as process data of batch fermentations. MFCS/DA data analysis was performed every 24 hrs. In general, the plots (results not shown) are a visual description of the fermentation process, record input and output setpoint values, show deviations from the setpoint values; realignment of the process on par with the setpoint values is visible. For the fermentation runs 1, 2 and 4 the decrease in pH was noticeable (plots not shown). The decrease in pH is normal as most fermentation studies report a decrease in pH [55] [56] [57] [58] which is mainly due to the production of lactic acid or other organic acids [57] . For run 3, an increase in pH occurred which was probably due to ethanol accumulation. For run 2 and 4 (plots not shown), additional variables such as pO 2 , O2 EN, O2 T, and GASFL were monitored. When the pO 2 value drops below the setpoint value ( Table 2) , regulation of this value is visible by a change in O2 T, O2 EN and GASFL. This is interpreted as follows: when the uptake of oxygen occurs, the pO 2 value drops and to realign the process and ensure the CAJ medium is saturated at 50%, there is an addition of oxygen, and this value is recorded and displayed as O2 T. Simultaneously, for oxygen addition the valve is opened and closed and denoted by O2 EN. Gas addition is pulse width and the flow rate of the gas is controlled and denoted by GASFL. Other variables such as temperature and stirrer speed were stable throughout the process of runs 1-4. Based on the MFCS/DA analysis, the potential of the equipment and the in-house control centre of the BIOSTAT Bplus is a capable system for bioethanol production. The ability of the system to ensure that the operating conditions are maintained throughout the fermentation of CAJ coupled with the yeast strains Y2084 and Vin13 is a contributing factor towards obtaining the high concentration of ethanol. Visualization of the stable functioning of the system at small scale is valuable as it enhances the understanding of how the process is controlled on a daily basis and to document the process control. At large scale or industrial scale, fermentation stability among batches might not be possible; thus, this type of data monitoring shows the potential that on par processes are possible.
Total Organic Carbon Analysis.
The results of the total organic carbon (TOC) of the CAJ and the fermented CAJ are presented in Tables 3(a) and 3(b), respectively. Table 3 (b) displays the TOC results of the final fermentation product of each run as "finished samples may be more consistent in their organic loads" as suggested by Quayle et al. [59] .
Carbon output (Table 3(b) ) is a representation of the carbon recovery or carbon accounted for after the fermentation process from an initial carbon input of 100% (Table 3(a) ). The highest recovery is reported for runs 1, 2, and 4 and the lowest for run 3 (Table 3(b) ). High carbon outputs for run 2 and run 4 were expected because of the high ethanol and yeast concentrations. The carbon output of run 1 is lower than run 2 and run 4 but higher than run 3 ( ethanol concentration is greater than run 3 and the yeast concentrations are lower than run 2 and run 4. Limited research is available for TOC and fermented products. A comparison of the TOC results in the present study can be made to a study by J. C. Wang and H. H. Wang [60] , the research showed a carbon recovery of 98.60% and 98.31% for aerobic and anaerobic fermentation, respectively, is possible from the fermentation of glucose by the bacteria Bacillus cereus [60] . The results in this study are largely different probably because the conversion of sugar by yeast and bacteria during fermentation is different and fermentation conditions could play a role in determining the carbon output. Based on the TOC analysis, the dominant carbon constituent recovered is ethanol followed by carbon dioxide (Table 3(b) ). Thus, the use of CAJ in conjunction with the selected yeast strains is suitable for bioethanol production as the majority of sugars were converted to ethanol. Moreover, the plant performance is efficient under the selected fermentation conditions as greater than 90% of carbon was recovered with the most efficient processes being run 2 and run 4 as less carbon was lost during the process. Based on the experimental results, the ANOVA analysis demonstrated significance as follows: (i) TOC run 1: -value = 75659.78; value < 0.0001; (ii) TOC run 2: -value = 56109.73; value < 0.0001; (iii) TOC run 3: -value = 1.3E + 06; value < 0.0001; (iv) TOC run 4: -value = 1.4E + 05; value < 0.0001. The results were significant.
Conclusion
In this study, the production of bioethanol by batch fermentation using two types of S. cerevisiae yeast strains and cashew apple juice (CAJ) substrate was investigated. The yeast strains Y2084 and Vin13 were used and both strains were able to easily consume and ferment the available sugars of CAJ. Among the strains, Vin13 produced a higher concentration of ethanol and this activity is more efficient in the presence of oxygen. Even though the ethanol concentration achieved by Y2084 was lower, the advantage is, Y2084 is not dependent on oxygen for its activity. Furthermore, other than oxygen the difference in fermentation profiles could be attributed to temperature. The fermentation ability of Y2084 at a higher temperature compared to Vin13 showed a high concentration of bioethanol is possible with respect to selected fermentation conditions even though the duration of the fermentation was longer. Hence, the activity of each yeast strain is unique under specified conditions. The results of this investigation indicated that CAJ is an acceptable substrate, in conjunction with yeast strains Y2084 and Vin13 for bioethanol production and as an agricultural waste product can be applied to biotechnology processing to produce a valuable product.
